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7 , 11 , respectively , U.S. patent application Ser . No. netic waves out of phase , AMCs are metamaterial structures 
14 / 188,264 filed on Feb. 24 , 2014 , U.S. patent application that reflect incident electromagnetic waves in phase . These 
Ser . No. 14 / 628,076 filed on Feb. 20 , 2015 ( now U.S. Pat . 25 metamaterial structures are particularly useful as replace 
No. 9,705,201 ) , International Application No. PCT / US14 / ments for metallic surfaces in applications where antennas 
72233 filed on Dec. 23 , 2014 , International Application No. have to be placed near and / or parallel to metallic surfaces . 
PCT / US12 / 32638 filed on Apr. 6 , 2012 , and International AMCs typically comprise homogenous unit cells having 
Application No. PCT / US12 / 32648 filed on Apr. 6 , 2012 , dimensions that are less than a half wavelength of a desired 
which are incorporated herein by reference . 30 transmitted radiation and achieve their properties by reso 

nance . 

REFERENCE TO NON - PATENT LITERATURE AMC surfaces are generally designed to have an allotted 
set of frequencies over which electromagnetic surface waves 

The following references are incorporated by reference as and currents can propagate ; hence , AMCs are often referred 
though set forth in full . 35 to as “ frequency - selective surfaces ” . These materials can be 
[ 1 ] Gregoire , D .; White , C .; Colburn , J. , “ Wideband Artifi- incorporated as antenna ground planes , small flat signal 

cial Magnetic Conductors Loaded with Non - Foster Nega- processing filters , or filters as part of waveguide structures . 
tive Inductors , ” Antennas and Wireless Propagation Let- AMC surfaces can effectively attenuate undesirable surface 
ters , IEEE , Vol . 10 , 1586-1589 , 2011 . wave propagation and produce improved radiation patterns . 

[ 2 ] D. Sievenpiper , L. Zhang , R. Broas , N. Alexopolous , and 40 This is because the AMC can suppress surface wave propa 
E. Yablonovitch , " High - impedance Electromagnetic Sur- gation within a prescribed range of forbidden frequencies . 
faces with a Forbidden Frequency Band , ” IEEE Transac- In general , an AMC surface can have a very high surface 
tions on Microwave Theory and Techniques , Vol . 47 , No. impedance within a specific frequency range , wherein the 
11 , pp . 2059-2074 , November 1999 . tangential magnetic field strength can be small compared to 

[ 3 ] F. Costa , S. Genovesi , and A. Monorchio , “ On the 45 the strength of the electric field along the surface . A typical 
Bandwidth of High - Impedance Frequency Selective Sur- passive AMC comprises patches disposed over a ground 
faces ” , IEEE Antennas and Wireless Propagation Letters , plane , with conductive vias coupling the patches to the radio 
Vol . 8 , pp . 1341-1344 , 2009 . frequency ( RF ) ground . Passive AMCs are isotropic and can 

[ 4 ] D. J. Kern , D. H. Werner and M. H. Wilhelm , “ Active operate for any incident wave polarization . 
Negative Impedance Loaded EBG Structures for the 50 AMC surfaces can have narrow bandwidths of operation . 
Realization of Ultra - Wideband Artificial Magnetic Con- Attempts to increase AMC bandwidths have resulted in 
ductors , ” Proc . IEEE Ant . Prop . Int . Symp . , Vol . 2 , 2003 , unstable circuits with unwanted oscillations or conditionally 
pp . 427-430 . stable circuits with certain limitations . As an example , 

[ 5 ] White , C. R .; May , J. W .; Colburn , J. S. , “ A Variable integrating negative inductors or non - Foster circuits ( NFCs ) 
Negative - Inductance Integrated Circuit at UHF Frequen- 55 into a passive AMC can result in instability in the E - plane of 
cies , ” IEEE Microwave and Wireless Components Let- the AMC . This instability can however be reduced by , for 
ters , Vol . 21 , No. 1 , 35-37 , 2012 . example , changing the configuration of the couplings 

[ 6 ] O. Luukkonen et al , “ Simple and Accurate Analytical between conductive patches in an AMC and adjusting the 
Model of Planar Grids and High - Impedance Surfaces ” , impedance of the NFCs that couple the conductive patches 
IEEE Transactions on Antennas Propagation , Vol . 56 , No. 60 of the AMC . 
6 , pp 1624-1632 , 2008 . AMC technology is applicable to a number of antenna 

[ 7 ] R. M. Foster . , " A Reactance Theorem ” , Bell Systems applications including 1 ) increasing antennae bandwidths , 2 ) 
Technical Journal , Vol . 3 , pp . 259-267 , 1924 . reducing finite ground plane edge effects for antennas 

[ 8 ] Gregoire , D. J .; Colburn , J. S .; White , C. R. , “ A Coaxial mounted on structures to improve the radiation patterns of 
TEM Cell for Direct Measurement of UHF Artificial 65 the antennas , 3 ) reducing couplings between closely spaced 
Magnetic Conductors ” , IEEE Antennas and Propagation ( < 12 ) antenna elements on certain structures to mitigate 
Magazine , Vol . 54 , No. 2 , pp . 251-250 , 2012 . co - site interference , 4 ) enabling the radiation of energy 
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polarized parallel to and directed along structural metal Certain embodiments can provide various technical fea 
surfaces , and 5 ) increasing the bandwidth and efficiency of tures depending on the implementation thereof . For 
cavity - backed slot antennas while reducing cavity size . The example , technical feature of some embodiments can 
AMC technology disclosed herein can be particularly appli- include the capability to provide a large bandwidth of 
cable for frequencies less than 1 GHz , where the thickness 5 operation while suppressing or restraining unstable modes of 
of the traditional AMC becomes prohibitive for most prac- the AAMC . Other embodiments can focus on tuning the tical applications . bandwidth of operation while maintaining a stable AAMC 

design . 
SUMMARY OF THE INVENTION Although specific features have been enumerated above , 

various embodiments can include some , none , or all of the One embodiment described in this disclosure comprises 
an AAMC comprising a rectangular array or lattice of unit enumerated features . Additionally , other technical features 
cells , each unit cell comprising a NFC having a negative will become readily apparent to one of ordinary skill in the 
inductance and / or negative capacitance and coupled in a art after review of the following figures and description . 
crossover configuration that can restrain or suppress the 15 BRIEF DESCRIPTION OF THE DRAWINGS two - dimensional quadrupole mode of the AAMC . 

The AAMC can operate independently of wave polariza 
tion ; thus it can be referred to as a dual - polarization AAMC For a more complete understanding of the present disclo 
or a dual - pol AAMC . The AAMC can comprise a square sure and its features , reference is now made to the following 
array of patches or plates shunted to ground or a ground 20 description taken in conjunction with the accompanying 
plane by conductive vias ( also known as mushroom unit drawings , in which like reference numerals represent like 
cells ) . NFCs can couple adjacent metal plates in a crossover parts . 
configuration . This crossover configuration can restrain or FIG . 1A illustrates a single polarization AAMC unit cell 
suppress the quadrupole mode of the AAMC , reducing architecture . 
instability therein . FIG . 1B illustrates an arrangement of the unit cell archi 

The AAMC can comprise : a plurality of impedance tecture shown in FIG . 1A ; 
elements arranged in rows and columns on a dielectric FIGS . 2A and 2B illustrate a top view of a dual polariza 
substrate , with a distance or gap positioned between adja- tion AAMC . 
cent impedance elements , and one or more circuits coupling FIG . 3 illustrates a dual polarization AAMC wherein 
neighboring impedance elements in a crossover configura- 30 NFCs couple neighboring impedance elements in a cross 
tion . The circuits can be NFCs comprising negative induc- over configuration ; 
tors and / or negative capacitors . The negative inductors and FIG . 4 depicts a circuit equivalent to a NFC ; 
negative capacitors of the NFCs can be coupled in parallel FIG . 5A illustrates a top view of four adjacent unit cells 
between neighboring impedance elements . The impedance of a dual polarization AAMC ; 
elements can comprise conductive patches or metallic 35 FIG . 5B illustrates a side view of the four adjacent unit 
regions on a layer of a dielectric substrate of the AAMC . cells of FIG . 5A ; 

The AAMC can comprise an array of impedance elements FIG . 5C illustrates a cross - sectional view of three adjacent 
arranged along a surface ; a plurality of NFCs coupling said unit cells of a dual polarization AAMC . 
impedance elements to each other so as to form a first FIG . 6A illustrates an eigenmode analysis of the AAMC 
network of impedance elements and NFCs and a second 40 of FIGS . 2A and 2B ; FIG . 6B illustrates an eigenmode 
network of impedance elements and NFCs , wherein the first analysis of the AAMC of FIGS . 3 and 5A - 5C , according to 
and second networks of impedance elements and NFCs are an embodiment of the present disclosure ; 
distinct , interleaved networks of impedance elements and FIG . 7 illustrates a staggered arrangement of unit cells of 
NFCs . a dual polarization AAMC . 
An embodiment of the proposed system comprises a 45 FIG . 8 illustrates a spiral lattice arrangement of unit cells 

periodic array of unit cells that reflects electromagnetic of a dual polarization AAMC . 
waves polarized parallel to a surface with a zero - degree 
phase shift . The system comprises an array of unit cells DETAILED DESCRIPTION 
having impedance elements connected to neighboring 
impedance elements with NFCs in a crossover configura- 50 Although example embodiments are illustrated below , the 
tion , each impedance element being coupled to a ground present technology can be implemented using any number of 
plane with a conductive via . The system provides opera- techniques , whether currently known or not . The present 
tional stability to the AAMC in addition to supporting a technology should in no way be limited to the example 
broadband operation . implementations , drawings , and techniques illustrated 
A method of fabricating an artificial magnetic conductor 55 herein . The drawings are not necessarily drawn to scale . 

can comprise : forming a substrate on a grounded conductive An AMC is a type of metamaterial that emulates a 
layer , arranging an array of impedance elements on the magnetic conductor over a limited bandwidth . AMC ground 
substrate with a distance or gap between the regions , cou- planes enable conformal antennas to have currents flowing 
pling the impedance elements with NFCs having negative parallel to their surfaces because the image currents in the 
inductance and / or negative capacitance in a crossover con- 60 AMC ground planes are in phase with their current sources . 
figuration , forming a first network of impedance elements AMCs can comprise laminated structures composed of 
and NFCs and a second network of impedance elements and periodic grids of metallic patches distributed on grounded 
NFCs , and constructing low impedance or conductive vias dielectric layers . AMCs have limited bandwidth , which is 
coupling the impedance elements to the ground plane , proportional to the AMC's substrate thickness and perme 
thereby coupling the first network of impedance elements 65 ability . At VHF - UHF , the substrate thickness necessary for 
and NFCs to the second network of impedance elements and a reasonable AMC bandwidth is excessively large for 
NFCs . antenna , ground - plane applications . Highly permeable mate 
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rials are undesirable at these frequencies because they are Each NFC can be represented by the equivalent circuit 
generally expensive , heavy , and present high - loss with model shown in FIG . 4. In this equivalent circuit model , 
respect to antenna efficiency . LNFC ( denoted as L in FIG . 4 ) is the desired negative 

The bandwidth limitation of an AMC can be overcome by inductance and Ryfc ( denoted as R in FIG . 4 ) is negative 
using an AAMC . The AAMC can be loaded with NFCs 5 resistance . Cnic and GNFc ( denoted as C and G in the FIG . 
having negative inductances that couple the neighboring 4 ) are positive capacitance and conductance , respectively . In 
impedance elements , which can increase the AMC band an ideal NFC , RNFC , Cyfc and Gyfc are all equal to zero . 
width by 10 times or more . The NFC's negative inductance The equivalent circuit parameters vary according to the bias 
is loaded in parallel with the substrate inductance resulting voltage applied to the NFC . 
in a much larger net inductance and hence , a much larger An AMC can be characterized by : 1 ) its resonant fre 
AMC bandwidth . quency , wo , which is the frequency at which an incident 
FIG . 1A illustrates the unit cells of a single polarization wave is reflected with a 0 ° phase shift ; and by 2 ) its + 90 ° 

bandwidth , which is defined as the incident wave frequency AAMC . FIG . 1B illustrates an arrangement of the AAMC range wherein the reflected wave phase is within the range unit cells architecture of FIG . 1A . In FIG . 1A , regions 101 15 19 , \ < 90 . An AMC response can be accurately modeled over represent patches , which can be conductive surfaces or a limited frequency range using an equivalent parallel LRC 
regions on a substrate 105. Substrate 105 can comprise any circuit with LAMC , CAMc , and Ramc as the circuit's induc dielectric material such as , for example , foam or air . Layer tance , capacitance , and resistance , respectively . The circuit 
102 represents the ground plane . Radio Frequency ( RF ) impedance is 
isolation plates 104 connect the patches 101 to the ground 20 
plane 102. Circuits or NFCs are represented by elements 103 
and are positioned within gap channels 106. For single jwLAMC ( 1 ) ZAMC polarization surfaces , RF isolation plates 104 , as shown in 1 - w LAMC CAMC + jwLAMC / RAMC 
FIG . 1B , restrict oscillations to desired operating conditions . 
An E - plane of a single - polarization antenna can be 25 

defined as a plane containing the electric field vector and the The resonant frequency t and approximate fractional 
bandwidth ( BW ) in the limit oLamc < Z , are direction of maximum radiation . For the AAMC of FIGS . 

1A and 1B , the E - plane is the plane containing the array of 
patches 101. An H - plane of a single - polarization antenna ( 2 ) can be defined as a plane containing the magnetic field 30 LAMC BW = WOLAMC / Zo , BW = vector and the direction of maximum radiation . For the LAMCCAMC Zo 
AAMC of FIGS . 1A and 1B , the H - plane is the plane 
perpendicular the E - plane and can be defined as the plane where Zo is the incident wave impedance . The AMC containing a row of isolation plates 104 . 

Couplings between neighboring NFCs 103 in the E - plane 35 shown in FIG . 1A can be modeled using a simple transmis 
of the AAMC ( i.e. between NFCs 103 in neighboring rows sion line model which expresses the AMC admittance as the 

sum of the grid admittance Y , the load admittance Y , in FIG . 1B ) cause the single - polarization AAMC to be and the substrate admittance Ysub : unstable for broadband NFC loadings . In order to stabilize 
the AAMC at an increased bandwidth , RF isolation plates YAMC = Yq + Yload + Ysub ( 3 ) 
104 are installed between rows of elements in the H - plane of 40 
the AAMC . The RF isolation plates 104 span through the Ysub = -j cot ( V?uodWV?lu , 
substrate 105 , from the ground plane 102 to the conductive where d is the dielectric thickness , and ? and u are the patches 101. The AAMC operates for RF incident waves substrate's permittivity and permeability respectively . Ysub polarized perpendicular to the RF isolation plates 104 . is expressed in terms of a frequency dependent inductance , Incident waves polarized along other axes will be partially 45 
or fully reflected as they would from a metal conductor Lsub = -j / ( @ Ysub ) which is approximately a constant Lsub = ud 

for thin substrates with Veuwd << 1 . The grid impedance of because of the waves ' interactions with the RF isolation 
plates 104. NFCs 103 between neighboring rows in the the metallic squares is capacitive , Y = jwCg , and can be 

accurately estimated analytically . E - plane of the AAMC are not coupled in an unstable manner The loaded AMC reflection properties can be estimated by because of the presence of RF isolation plates 104 . 
The AAMC of FIGS . 1A and 1B is loaded with circuits equating the LRC circuit parameters of equation ( 1 ) to 

quantities in the transmission line model in equations ( 3 ) and 103 , which can include NFCs having negative inductors / ( 4 ) . If the load is capacitive , then the equivalent LRC circuit inductance . The NFCs 103 enable the AAMC to have a high 
bandwidth . NFCs are so named because they circumvent parameters are 
Foster's reactance theorem with an active circuit . Details of 55 Lamc = Lsub , Camc = Cg + Cload and Ramc = Rjoad ( 5 ) 
a NFC circuit design and fabrication are known to those If the load is inductive as it is in the AAMC , then they are skilled in the art . Foster's reactance theorem states that all 
lossless , passive two - terminal devices have a reactance that 
has a positive frequency derivative . A circuit that has a Lload Lsub ( 6 ) reactance , wherein a frequency derivative of the reactance is 60 LAMC = CamC = Cg and Ramc = Rload · Lload + Lsub negative , is a non - Foster circuit ( NFC ) . Here , the word 
“ reactance ” means the imaginary part of the complex elec 
trical impedance . A negative inductor having a reactance of An active AMC is created when the load inductance is 
-jol , where j is an imaginary number , w is angular fre- negative , and Lamc increases according to ( 6 ) . When 
quency , and L is inductance , is one example of a NFC . A 65 Lload < 0 and ?Lload > Lsub > 0 , then LaMcLsub , resulting in an 
negative capacitor having a reactance of j / ( WC ) , where C is increase in the AMC bandwidth , and a decrease in the 
capacitance , is another example of a NFC . resonant frequency according to ( 2 ) . As Lload approaches 

load 

50 
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-Lsub , Lamc increases towards a maximum , the resonant another embodiment a cavity backed AAMC is used , where 
frequency w , decreases towards a minimum , and the band- the cavity suppresses both E - plane and H - plane couplings 
width increases towards a maximum . Due to instability , the between the NFCs and the impedance elements . This allows 
AMC will have a finite maximum LA AMC and a finite mini- a dual - polarization operation of the AAMC but the AAMC 
mum w , as Lload approaches -Lsub . The bandwidth and 5 can still have an easily accessible quadrupole mode and a 
resonant frequency are prevented from going to infinity and reduced bandwidth due to its lower inductance . 
zero respectively by the loss and capacitance of the NFC and While FIGS . 2A and 2B illustrate an implementation of a 
the AMC structure . dual polarization AAMC , this embodiment has stability 
NFCs become unstable when their applied bias voltage is issues . In FIG . 2A , conductive patches 201 are arranged in 

too high , when they are subjected to excessive RF power , rows and columns and circuits 202 couple nearest neigh 
and / or when they are detrimentally coupled to neighboring boring patches 201 between adjacent columns and rows . 
NFCs . Their instability is manifested by circuit oscillation Circuits 202 can comprise NFCs and / or negative inductors 
and emissions of radiation from the NFC circuit . When the and can couple neighboring patches 201. Removing the RF 
NFCs in an AAMC become unstable , the AAMC can no longer operate as an AMC and can become useless . One 15 isolation plates 104 ( as seen in FIGS . 1A and 1B ) and adding circuits 202 in two different directions allows a dual - polar consequence of this is that previously , it has not been ization operation of the AAMC , but the AAMC can still have possible to create a broadband dual - polarization AAMC stability issues which can be quantified in terms of its because of the instability caused by the couplings between bandwidth . The AAMC of FIGS . 2A and 2B is less stable neighboring NFCs . 

The stability of finite AAMCs can be approximated using 20 and operates at a reduced bandwidth as a dual - polarization 
eigenanalysis . For this , it is helpful to introduce the concept AAMC due to the absence of the isolation plates . 
of a port . A port can be defined by a pair of terminals within An embodiment according to the principles of this inven 
an electrical network such as an AAMC or AMC . Generally , tion is shown in FIG . 3. FIG . 3 illustrates a dual polarization 
the current flowing into one terminal of the port equals the AAMC wherein NFCs diagonally couple neighboring 
current flowing out of the other terminal . If the AAMC is 25 impedance elements in a crossover configuration . The 
loaded with NFCs , each port of the AAMC can be defined AAMC depicted in FIG . 3 comprises an array of impedance 
by a pair of terminals wherein the terminals are located at the elements 301 disposed above a surface comprising a dielec 
edges of neighboring impedance elements where a single tric substrate 304. The impedance elements 301 are con 
NFC is connected . A single NFC is connected across the nected to a ground plane ( not shown ) by vias / shunts 303 
terminals of each port . If the NFCs of the AAMC are 30 which will be discussed in more detail hereafter . NFCs 302 
removed , resulting in an AMC , the locations of the ports of form a crossed configuration and couple impedance ele 
the AMC would be unchanged to simplify the analysis of the ments 301 diagonally in the array of rows and columns , as 
AAMC and to ensure that the following condition holds : shown in FIG . 3. NFCs 302 couple neighboring impedance 
YAAMC = Yamc + Y where Y is the admittance of the elements 301 to each other to form first and second networks 
AAMC , Yamc is the admittance of the AMC ( which is 35 of interconnected impedance elements ( depicted with darker 
equivalent to the AAMC with the NFCs removed ) , and Y and lighter gray scale elements , respectively in FIG . 3 ) . The 
is a scalar admittance matrix introduced by the NFCs . At first and second networks can comprise first and second 
frequencies below the resonance frequency , the admittance networks of interconnected impedance elements 301 and 
matrix of the AAMC can be approximated by self and NFCs 302 , wherein NFCs 302 of the first network couple 
mutual inductances of the ports of the AAMC : 40 diagonally adjacent or neighboring impedance elements 301 

of the first network , and NFCs 302 of the second network couple diagonally adjacent or neighboring impedance ele 
( 7 ) ments 301 of the second network . Further , in at least one 

LIN embodiment , the NFCs 302 of the first network do not 
45 couple impedance elements 301 of the second network , and 

NFCs 302 of the second network do not couple impedance 
elements 301 of the first network . The interconnected LNN impedance elements 301 of the first and second networks are 
interleaved along the surface of the dielectric substrate . In 

where N is the number of ports in the AAMC , Lji for i = 1 to 50 this writing , the term “ interleaved ” means “ arranged in or as 
N is the self inductance of the ith port , Lj ; for i = 1 to N , j = 1 if in alternate or generally alternate layers , objects , or 
to N , and i = j is the mutual inductance between the ith and elements ” , as can be observed in FIG . 3 . 
jth ports , and s = j2nf is the complex radian frequency of the The shape of impedance elements 301 is not limited to the 
Laplace transform . Thus the admittance matrix can be square shape shown and can be triangular , rectangular , 
simplified to 1 / s times an inductance matrix where the 55 elliptical , circular , octagonal , diamond , polygonal , etc. In 
eigenvalues of the inductance matrix quantify an equivalent addition , the shape of patch 301 can be x - like and / or 
inverse inductance 1 / Leq for a given eigenmode of the non - uniform , wherein each patch 301 has a unique or 
AAMC . Assuming all NFCs are identical with inductance non - unique , irregular shape . 
LNfc < 0 ( L in FIG . 4 ) , the total inductance of the AAMC is The AAMC of FIG . 3 illustrates a broadband active 
the parallel combination of the eigenvalue Leg and Lufc ; the 60 artificial magnetic conductor that can operate independently 
network is stable if Lnfc < -Leg for all eigenvalues . of incident wave polarization ; thus it can be referred to as a 

Turning to FIGS . 2A and 2B and in an implementation of dual - polarization AAMC or a dual - pol AAMC . In FIGS . 2A 
a dual - polarization AAMC , the AAMC incorporates a low and 2B , the NFCs 202 are coupled between adjacent , nearest 
inductance shunt 203 to suppress coupling between the neighboring patches 201 and are coupled at the centers of the 
NFCs and impedance elements . This allows a more stable 65 sides thereof in both horizontal and vertical directions . In the 
operation of the AAMC but the structure can have a reduced crossover configuration of FIG . 3 the NFCs 302 are coupled 
bandwidth due to an easily accessible quadrupole mode . In diagonally between impedance elements 301. The NFCs 302 

NFC AAMC 
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of FIG . 3 can be coupled at the corners or at the sides or with the standard NFC loading of FIG . 6A . The result is that 
edges of the impedance elements 301 . the crossover structure of FIGS . 3 and 5A - 5C is more stable 

The AAMC of the present disclosure should not be for NFCs with lower inductances , allowing a broader 
limited to the crossover configuration shown in FIG . 3. It AAMC bandwidth at a given frequency . 
will be readily apparent to one skilled in the art that NFCs 5 Stability can be verified by analyzing the eigenmodes of 
302 can cross over ( or under ) impedance elements 301 . the AAMC structure and ensuring that each NFC 302 has a 
NFCs 302 can cross over ( or under ) each other , and / or they magnitude of inductance | LI greater than the maximum 
can cross over ( or under ) neighboring impedance elements intrinsic eigenmode Leq . The eigenmode inductances for a 
301 , defining a crossover configuration according to the finite 6x6 AAMC structure , with NFCs 202 loaded between 
principles of the present disclosure . 10 adjacent patches 201 as shown in FIGS . 2A and 2B , can lie 

The NFCs 302 can be any circuit having the aforemen- in the range between 17-50 nH . The eigenmode inductance 
tioned negative inductance and / or inductors . NFCs 302 can for a finite 6x6 AAMC having NFCs 302 , with the crossover 
comprise combinations of negative inductance elements structure shown in FIGS . 3 and 5A - 5C , can lie in the range 
and / or inductors in parallel with negative capacitance ele- between 35-70 nH . Therefore for stability , the inductance L 
ments and / or capacitors . 15 of the NFCs must be less than -50 nH for the structure 
FIG . 5A illustrates a unit cell arrangement with imped- shown in FIGS . 2A and 2B and less than -70 nH for the 

ance elements 301 that are diagonally coupled in a crossover crossover structures shown in FIGS . 3 and 5A - 5C , though 
configuration . FIG . 5A depicts a top view of the arrangement these stable inductance values are exemplary for the struc 
and FIG . 5B represents a side view of the arrangement . FIG . tures described above and can vary for other or similar 
5C depicts a cross - section view of the arrangement . The 20 structures , including those with different sizes and / or dimen 
impedance elements 301 can be conductive patches that sions ; the scope of the invention should not be limited to 
comprise conductive material , such as conductive metal AAMC embodiments having these values . The NFCs ( 202 
plates or metal deposits , and highly doped materials such as or 302 ) can be modeled using realistic parasitic capacitances 
silicon . FIG . 5C depicts the via 303 coupling a patch 301 to and resistances . For example in at least one model , with the 
the ground plane 305. Vias 303 are act as shunts that couple 25 structure shown in FIGS . 2A and 2B , tuning the inductance 
impedance elements 301 to the ground plane 305. Vias / L of the NFCs 202 from -50 nH to -80 nH can tune the 
shunts 303 can have a low impedance and / or low inductance AAMC center frequency from 489-665 MHz . In at least one 
such that the mutual coupling between impedance elements model for the crossover structure shown in FIGS . 3 and 
and / or the NFCs is minimized and / or reduced thereby mak- 5A - 5C , tuning L of the NFCs 302 from -70 nH to -120 nH 
ing the AAMC stable or more stable . Decreasing the imped- 30 can tune the AAMC center frequency from 223-612 MHz . 
ance of the shunts 303 can comprise increasing a cross- For the 6x6 AAMC , with the crossover structure shown in 
sectional area of the shunts 303. The shunts 303 can be made FIGS . 3 and 5A - 5C , the percent bandwidth was measured to 
of metal , alloys , and / or electrically conductive material . be above 100 % near NFC 302 inductance L = -70 nH . The 

The AAMC of FIGS . 5A , 5B , and 5C does not comprise maximum percent bandwidth of the 6x6 AAMC , with the 
the isolation plates 104 depicted in FIGS . 1A and 1B . The 35 structure shown in FIGS . 2A and 2B , was measured to be 
crossover connections between impedance elements 301 can around 50 % at NFC 202 inductance L = -80 nH . Therefore , 
increase the stability and bandwidth of the AAMC so that the maximum bandwidth of the crossover structure can be at 
isolation plates are optionally included or excluded in the least two times higher than that of the structure of FIGS . 2A 
AAMC . and 2B . The increased bandwidth is achieved because the 
FIGS . 6A and 6B illustrate simulation results of finite 40 crossover structure can have a suppressed or restrained 

AAMC models . FIG . 6A illustrates results of an eigenmode quadrupole mode and can operate stably with a higher LAMC : 
analysis of the unit cell structure shown in FIGS . 2A and 2B . For either structure , the center frequency can be lowered by 
FIG . 6B illustrates the results of an eigenmode analysis of coupling a capacitor / capacitance in parallel to the NFC 202 
the crossover structure shown in FIGS . 3 and 5A - 5C . In or 302 but this causes a reduction in bandwidth as described 
FIGS . 6A and 6B , the least stable mode is analyzed , with the 45 in equation ( 2 ) . At center frequencies where both structures 
normalized eigenmode voltages being shown with arrows . are stable , the crossover structure has slightly higher band 
The eigenmode voltages are calculated by performing an width due to a slightly reduced Camc as compared with the 
eigendecomposition of the admittance matrix in Eq . 7 and bandwidth of the FIGS . 2A and 2B structure . 
the resulting eigenmodes are defined as eigenmode voltages . FIG . 7 illustrates a staggered arrangement of unit cells of 
The lengths of the arrows indicate the magnitudes of the 50 a dual polarization AAMC according to a further embodi 
normalized eigenmode voltages , which are related to the ment . This embodiment can be thought of as the embodi 
magnitudes of the electric field . The directions of the arrows ment depicted in FIGS . 3 and 5A - 5C , with the impedance 
indicate the directions of the electric field that corresponds elements 301 rotated by a 45 ° angle . For the purposes of 
to the eigenmode voltages . A quadrupole mode exists as brevity , any description of the AAMC of FIG . 3 is incorpo 
shown in FIG . 6A where each 2x2 section of patches has an 55 rated into the description of the AAMC of FIG . 7. The NFCs 
alternating polarity on each patch . For the crossover struc- 302 can be coupled at the sides of impedance elements 301 
ture , as seen in FIG . 6B , the darker patches and lighter or they can be coupled at the centers of impedance elements 
patches are not connected to each other through the NFCs 301. FIG . 7 shows the impedance elements 301 of the first 
302 ( although they are connected to the same ground plane network being interleaved with impedance elements 301 of 
305 by vias 303 ) . As seen in the eigenmode plot of FIG . 6B , 60 the second network . 
the least stable mode is excited only on the darker set of FIG . 8 illustrates a spiral lattice arrangement of unit cells 
patches as there is almost no potential difference between the of a dual polarization AAMC wherein impedance elements 
lighter patches . A similar stable mode is excited exclusively 301 form a spiral lattice arrangement . This embodiment is a 
on the lighter patches of FIG . 6B . In FIG . 6B , the modes rearrangement of the elements illustrated in FIG . 3. For the 
excited on the darker and lighter patches are each similar to 65 purposes of brevity , any description of the AAMC of FIG . 3 
the quadrupole mode excited in FIG . 6A , except that each is incorporated into the description of FIG . 8. Low imped 
mode is excited on only half of the total patches as compared ance shunts 303 and ground plane 305 are not shown in FIG . 
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8 but are included in the spiral lattice embodiment of the order approximation of the substrate 304 inductance is d? , 
present technology . As in FIGS . 3 and 5A - 5C , low imped- where d is the thickness of the substrate 304 and y , is the 
ance shunts 303 couple the impedance elements 301 to the relative permeability of the substrate 304. Therefore the 
ground plane 305. In FIG . 8 , NFCs 302 are coupled between substrate 304 inductance is directly proportional to both the 
impedance elements 301 so as to form a first network of 5 substrate 304 thickness and the relative permeability of the 
impedance elements 301 and NFCs 302 and a second substrate 304. The AAMC can operate with any permeabil 
network of impedance elements 301 and NFCs 302. The ity . 
impedance elements 301 are shaded in FIG . 8 to indicate that The unit cell size in a preferred embodiment is 75 mm the two networks of elements are interleaved along a surface which is approximately N13 at a center frequency of 300 of dielectric substrate 304 . 

The impedance elements 301 can be disposed in any MHz . Using smaller unit cells reduces the capacitance Camc 
suitable arrangement , including , but not limited to , a square of the AAMC and improves the bandwidth of the AAMC . 
lattice , a rectangular lattice , a triangular lattice , a spiral However , using smaller unit cells requires more NFCs 302 
lattice , a hexagonal lattice , or any combination thereof . In per unit area of the AAMC , which increases manufacturing 
addition , the impedance elements 301 can be separated by a 15 costs and operating power . The unit cell size can be less than 
distance that varies along the rows and / or columns of the N2 to operate as an AAMC . The substrate 304 thickness is 
array of impedance elements . The rows and / or columns of 25 mm in a preferred embodiment , which is N40 at a center 
the array of impedance elements can be straight , spiral , or frequency of 300 MHz . The substrate 304 thickness prefer 
curvilinear . ably in the range between 0 to N4 . 

The impedance elements 301 of the AAMC can comprise 20 The AAMC preferably comprises a square array of 
copper or any other conductive material . The thickness of impedance elements 301 because , for example , it provides 
the impedance elements 301 is preferably greater than the an isotropic surface . The diagonal , crossover loading of the 
electromagnetic wave penetration depth , wherein the pen- NFCs 302 can improve the stability and bandwidth of 
etration depth is defined as the depth at which the intensity AAMCs having other lattice geometries including but not 
of the radiation inside the conductive patches 301 falls to 1 / e 25 limited to : rectangular , anisotropic , radial , non - homoge 
of its original value at the surface of the conductive patch , neous lattices . The AAMC structure can also be conformal 
where e the base of the natural logarithm . The conductive and / or curved in one or two dimensions . The edges of the 
patches 301 can be impenetrable to electromagnetic waves . AAMC structure can be terminated with metal walls in a 
The thickness of the conductive patches 301 can be thin preferred embodiment . These metal walls can couple the 
compared to the unit cell dimension ( thicknesspatch < » / 13 in 30 ground plane 305 to the impedance elements 301 located on 
a preferred embodiment , wherein à is the wavelength of an the edges of the AAMC , and further couple these impedance 
incident wave ) . The AAMC can operate for any thickness in elements 301 to one another . The structure can be terminated 
the range 0 < thickness , < unit cell size . Apreferred method in other ways including but not limited to : a cavity shorted 
of manufacturing the AAMC can comprise etching copper only to the ground plane 305 with full or half unit cells 
with a standard thickness between 15 and 60 microns using 35 reaching the edge of the structure , a cavity with AAMC side 
printed circuit methods . Any metal manufacturing technique walls , an electrically large ground plane , a finite ground 
can be used : e.g. machining , pressing , forming , etching , plane , a cylindrical or spherical structure , any closed con 
electrodepositing , electroplating , or rolling metal . The bot- tinuous structure , a curved but finite implementation of any 
tom ground layer 305 can comprise a conductive sheet , of the previously listed terminations . 
which can comprise aluminum or any conductive material . 40 The methods of fabricating the AAMC can be apparent 
Manufacturing methods used to form the impedance ele- from FIGS . 3 and 5A - 5C . Impedance elements 301 can be 
ments 301 can be used to form the ground layer 305. Circuits overlaid and / or deposited on a substrate 304 and can be 
to power and bias the NFCs 302 can be placed under the coupled by NFCs 302 in a crossover configuration . A ground 
ground plane , and signal traces for the bias circuits can be plane 305 is created by depositing a conductive metal layer 
routed to each NFC 302 for example , through very small 45 at the bottom of the substrate 304. Vias 303 are used to shunt 
holes in the ground plane . In one embodiment , a multi - layer each patch to the ground plane 305 as shown . An optional 
printed circuit board can be used to route signal traces to protective coating can be applied to protect the active NFCs 
NFCs 302. The multi - layer printed circuit board can com- 302 . 
prise a ground plane with holes / openings through which Though NFCs 302 are used , other structures are known in 
signal traces can be routed . Other layers in the multi - layer 50 the art to provide the necessary negative inductances and / or 
printed circuit board are used for signal trace routing . negative capacitances . Similar crossover structures of the 

In a preferred embodiment , the AAMC dielectric sub- NFCs 302 can be extended to radial lattices / arrays and other 
strate 304 can comprise air so its relative permittivity is 1 or topologies of unit cells , and other ways of interconnecting 
nearly 1. In this embodiment , the conductive patches 301 impedance elements . This disclosure is intended to cover all 
can be held in place by , for example , a thin insulating wire 55 such variations in structure and topology . 
grid or a thin grid of substrate materials . Increasing the In this writing , the term “ neighboring ” means “ nearby ” 
permittivity of the AAMC substrate 304 has a minor nega- and does not necessarily imply a common boundary so that , 
tive impact on the bandwidth of the AAMC . Increasing the for example , a first row and a second row are neighboring 
permittivity increases the capacitance of the unloaded rows if they are separated by 0 or more rows . A “ nearest 
AAMC ( note that bandwidth = ( 1 / Z . ) * sqrt ( LamdCamc ) ) , 60 neighbor ” is a neighboring element that is the closest in 
though the value of Camc is more determined by the proximity as compared to other neighboring elements . If 
capacitance of the NFC 302. Common microwave dielec- several neighboring elements are equally closest to a first 
trics have relative permittivity in the range of 1 to 10 element , that first element has several nearest neighbors . In 
( E = 1-10 ) but the AAMC structure can operate with any this writing , the term “ adjacent ” means “ neighboring ” and 
dielectric or dielectrics . 65 further implies a common boundary so that a first row is 

Most microwave materials have a permeability equal to 1 adjacent a second row only if a third row is not between the 
and can be included in a preferred embodiment . The first- first and second row . 

patch 
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In this writing , the term “ diagonally ” means “ along a Concept 8. The artificial magnetic conductor of Concept 
diagonal direction ” as compared to an axis with a traditional 7 , wherein the negative inductances of the non - Foster cir 
vertical y - axis and horizontal x - axis , wherein a diagonal cuits are tunable . 

direction can be defined with respect to the rows and Concept 9. The artificial magnetic conductor of Concept 
columns in the array of impedance elements , as shown in 5 7 , wherein each non - Foster circuit has a negative capaci 

tance . FIGS . 3 and 7. Rows and columns define axial directions Concept 10. The artificial magnetic conductor of Concept between neighboring or nearest neighboring impedance ele 7 , wherein each non - Foster circuit comprises a negative 
ments . Directions that are neither perpendicular nor parallel inductor and a negative capacitor . 
to these axial directions are diagonal directions . These Concept 11. The artificial magnetic conductor of Concept 
diagonal directions are generally parallel to the plane 1 , further comprising 
defined by the axial directions . As shown in FIGS . 3 and 7 , shunts ; 
and as indicated by the shading of the impedance elements , a dielectric substrate ; and 
the impedance elements alternate between the first and a ground plane , wherein the impedance elements are 
second networks along each of the rows and columns . A disposed on the dielectric substrate , and wherein the shunts 
diagonal direction preferably forms an angle bisector of the couple the impedance elements of the first and second 

networks to the ground plane , thereby coupling the first angle formed by the axial directions , wherein the angle network of impedance elements and non - Foster circuits to bisector divides the angle into two equal parts . Alternatively , the second network of impedance elements and non - Foster the angle bisector can divide the angle into two non - equal circuits . 
parts . Concept 12. The artificial magnetic conductor of Concept 

In this writing , the word “ conductive ” preferably means 11 , wherein each shunt has an inductance that reduces the 
" electrically conductive " . mutual coupling between the impedance elements . 

Modifications , additions , or omissions can be made to the Concept 13. The artificial magnetic conductor of Concept 
systems , apparatuses , and methods described herein without 11 , wherein the impedance elements are metallic . 
departing from the scope of the invention . The components 25 Concept 14. An active artificial magnetic conductor com 
of the systems and apparatuses can be integrated or sepa prising : 
rated . Moreover , the operations of the systems and appara a dielectric surface 

tuses can be performed by more , fewer , or other compo an array of unit cells , each unit cell comprising : 
nents . The methods can include more , fewer , or other steps . impedance elements arranged along the dielectric surface ; 

and Additionally , steps can be performed in any suitable order . 30 non - Foster circuits coupled between the impedance ele As used in this document , " each ” refers to each member of ments so as to form a first network of impedance elements a set or each member of a subset of a set . and non - Foster circuits and a second network of impedance Concepts elements and non - Foster circuits within each unit cell ; 
Concept 1. An artificial magnetic conductor comprising : wherein non - Foster circuits couple impedance elements 
an array of impedance elements ; 35 between neighboring unit cells . 
a plurality of non - Foster circuits coupled between neigh- Concept 15. An artificial magnetic conductor comprising : 

boring impedance elements in the array of impedance ele- an array of impedance elements arranged along a surface ; 
ments so as to form a first network of impedance elements a plurality of non - Foster circuits coupling said impedance 
and non - Foster circuits and a second network of impedance elements to each other so as to form a first network of 
elements and non - Foster circuits , wherein the impedance 40 impedance elements and non - Foster circuits and a second 
elements of the first network are interleaved between the network of impedance elements and non - Foster circuits ; 
impedance elements of the second network . wherein the first and second networks of impedance 

Concept 2. The artificial magnetic conductor of Concept elements and non - Foster circuits are distinct , interleaved 
1 , wherein the non - Foster circuits of the first network and networks of impedance elements and non - Foster circuits . 
the non - Foster circuits of the second network form crossover 45 Concept 16. The artificial magnetic conductor of Concept 
configurations . 15 , wherein the non - Foster circuits of the first network are 

Concept 3. The artificial magnetic conductor of Concept coupled between the impedance elements of the first net 
1 , wherein the impedance elements are arranged in a plu- work and the non - Foster circuits of the second network are 
rality of rows and columns , forming a rectangular or square coupled between the impedance elements of the second 
lattice of impedance elements . 50 network . 

Concept 4. The artificial magnetic conductor of Concept Concept 17. The artificial magnetic conductor of Concept 
3 , wherein columns of the plurality of rows and columns are 16 , wherein the non - Foster circuits of the first network are 
staggered . not coupled between the impedance elements of the second 

Concept 5. The artificial magnetic conductor of Concept network . 
4 , wherein the impedance elements arranged in the plurality 55 Concept 18. The artificial magnetic conductor of Concept 
of rows and staggered columns form a triangular lattice of 17 , wherein the non - Foster circuits of the second network 
impedance elements . are not coupled between the impedance elements of the first 

Concept 6. The artificial magnetic conductor of Concept network . 
1 , wherein the impedance elements are arranged to form a Concept 19. The artificial magnetic conductor of Concept 
spiral lattice . 60 15 , wherein the impedance elements of the first network are 

Concept 7. The artificial magnetic conductor of Concept interleaved between the impedance elements of the second 
2 , wherein each non - Foster circuit has a negative induc- network . 
tance ; and Concept 20. A broadband active artificial magnetic con 

wherein the impedance elements are square or rectangular ductor comprising : 
in shape ; and non - foster circuits ; 

wherein the impedance elements are electrically conduc- conductive patches , wherein at least one non - foster circuit 
tive patches . is connected to each conductive patch , the conductive 
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patches each having edges , wherein the non - foster circuits What is claimed is : 
connect to the edges of the patches . 1. An artificial magnetic conductor comprising : 

ncept 21. The conductor of Concept 20 wherein the an array of impedance elements ; 
edges of each conductive patch form corners , the non - foster a plurality of non - Foster circuits coupled between neigh 
circuits connecting the conductive patches between corners . boring impedance elements in the array of impedance 

Concept 22. The conductor of Concept 21 wherein the elements so as to form a first network of impedance 
elements and non - Foster circuits and a second network conductive patches are square or rectangular in shape . of impedance elements and non - Foster circuits , Concept 23. The conductor of Concept 20 wherein the wherein the impedance elements of the first network patches are grouped such that through the connections of the are interleaved between the impedance elements of the 

non - foster circuits , one group is interleaved with respect to second network . 
the other group . 2. The artificial magnetic conductor of claim 1 , wherein 

Concept 24. The conductor of Concept 20 further com- the non - Foster circuits of the first network and the non 
prising a ground and vias , the vias connecting the patches to Foster circuits of the second network form crossover con 
the ground . 15 figurations . 

Concept 25. The conductor of Concept 20 wherein the 3. The artificial magnetic conductor of claim 2 , wherein 
conductive patches have a thickness , the thickness being each non - Foster circuit has a negative inductance ; and 
greater than the electromagnetic wave penetration depth of wherein the impedance elements are square or rectangular 
the conductive patches . in shape ; and 

Concept 26. The conductor of Concept 1 wherein the wherein the impedance elements are electrically conduc 
tive patches . array of impedance elements is arranged in rows and col 4. The artificial magnetic conductor of claim 3 , wherein umns , the conductor further comprising a dielectric substrate the negative inductances of the non - Foster circuits are on which the array is arranged , the array being arranged with tunable . a distance or gap positioned between adjacent impedance 5. The artificial magnetic conductor of claim 3 , wherein elements , wherein the non - foster circuits are arranged in the each non - Foster circuit has a negative capacitance . gaps to couple the neighboring impedance elements in a 6. The artificial magnetic conductor of claim 3 , wherein crossover configuration . each non - Foster circuit comprises a negative inductor and a 

Concept 27. The conductor of Concept 26 wherein the negative capacitor . 
non - foster circuits comprise at least one of negative induc- 7. The artificial magnetic conductor of claim 1 , wherein 
tors and negative capacitors , the negative inductors and the impedance elements are arranged in a plurality of rows negative capacitors being coupled in parallel between neigh and columns , forming a rectangular or square lattice of boring impedance elements . impedance elements . 

Concept 28. The conductor of Concept 14 wherein the 8. The artificial magnetic conductor of claim 7 , wherein 
array of unit cells is periodic to reflect electromagnetic 35 columns of the plurality of rows and columns are staggered . 
waves polarized parallel to the surface with a zero - degree 9. The artificial magnetic conductor of claim 8 , wherein 
phase . the impedance elements arranged in the plurality of rows 

Concept 29. The conductor of Concept 20 , wherein the and staggered columns form a triangular lattice of imped 
non - foster circuits couple diagonally neighboring conduc ance elements . 
tive patches . 10. The artificial magnetic conductor of claim 1 , wherein 

the impedance elements are arranged to form a spiral lattice . Concept 30. The artificial magnetic conductor of Concept 11. The artificial magnetic conductor of claim 1 , further 1 , wherein the non - Foster circuits are diagonally connected comprising between the impedance elements . shunts ; 
Concept 31. The active artificial magnetic conductor of a dielectric substrate ; and 

Concept 14 , wherein the non - Foster circuits are diagonally a ground plane , wherein the impedance elements are 
connected between the impedance elements within each unit disposed on the dielectric substrate , and wherein the 
cell . shunts couple the impedance elements of the first and 

Concept 32. The active artificial magnetic conductor of second networks to the ground plane , thereby coupling 
Concept 1 , wherein the neighboring impedance elements 50 the first network of impedance elements and non - Foster 
have pairs of edges defining ports , wherein at frequencies circuits to the second network of impedance elements 
below a resonant frequency , an admittance matrix of the and non - Foster circuits . 
active artificial magnetic conductor is approximated by : 12. The artificial magnetic conductor of claim 11 , wherein 

each shunt has an inductance that reduces the mutual cou 
55 pling between the impedance elements . 

13. The artificial magnetic conductor of claim 11 , wherein 
Lui LIN the impedance elements are metallic . 

14. The conductor of claim 1 wherein the array of 
impedance elements is arranged in rows and columns , the 

LNI LNN 60 conductor further comprising a dielectric substrate on which 
the array is arranged , the array being arranged with a 
distance or gap positioned between adjacent impedance 

where N is the number of ports in the AAMC , Lj , for i = 1 elements , wherein the non - foster circuits are arranged in the 
to N is the self inductance of the ith port , L? , for i = 1 to N , gaps to couple the neighboring impedance elements in a 
j = 1 to N , and i j is the mutual inductance between the ith 65 crossover configuration . 
and jth ports , and s = j2nf is the complex radian frequency of 15. The conductor of claim 14 wherein the non - foster 
the Laplace transform . circuits comprise at least one of negative inductors and 
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negative capacitors , the negative inductors and negative impedance elements and non - Foster circuits and a 
capacitors being coupled in parallel between neighboring second network of impedance elements and non - Foster 
impedance elements . circuits ; 

16. The artificial magnetic conductor of claim 1 , wherein wherein the first and second networks of impedance 
the non - Foster circuits are diagonally connected between the 5 elements and non - Foster circuits are distinct , inter 

leaved networks of impedance elements and non - Foster impedance elements . circuits . 
17. The artificial magnetic conductor of claim 1 , wherein 23. The artificial magnetic conductor of claim 22 , wherein the neighboring impedance elements have pairs of edges the non - Foster circuits of the first network are coupled 

defining ports , wherein at frequencies below a resonant between the impedance elements of the first network and the 
frequency , an admittance matrix of the active artificial non - Foster circuits of the second network are coupled 
magnetic conductor is approximated by : between the impedance elements of the second network . 

24. The artificial magnetic conductor of claim 23 , wherein 
the non - Foster circuits of the first network are not coupled 
between the impedance elements of the second network . 

Lu 25. The artificial magnetic conductor of claim 24 , wherein 
the non - Foster circuits of the second network are not 
coupled between the impedance elements of the first net 
work . 

Lni LNN 26. The artificial magnetic conductor of claim 22 , wherein 
20 the impedance elements of the first network are interleaved 

where N is the number of ports in the AAMC , Li ; for i = 1 between the impedance elements of the second network . 
to N is the self inductance of the ith port , Ly ; for i = 1 to 27. A broadband active artificial magnetic conductor 

comprising : N , j = 1 to N , and i = j is the mutual inductance between non - Foster circuits ; the ith and jth ports , and s = j2.f is the complex radian conductive patches , wherein at least one non - Foster is frequency of the Laplace transform . connected to each conductive patch , the conductive 18. An active artificial magnetic conductor comprising : patches each having edges , wherein the non - Foster 
a dielectric surface circuits connect to the edges of the patches so as to 
an array of unit cells , each unit cell comprising : form a first network of patches and non - Foster circuits 
impedance elements arranged along the dielectric surface ; and a second network of patches and non - Foster cir 
and cuits ; 

non - Foster circuits coupled between the impedance ele- wherein the first and second networks of patches and 
ments so as to form a first network of impedance non - Foster circuits are distinct , interleaved networks of 
elements and non - Foster circuits and a second network patches and non - Foster circuits . 
of impedance elements and non - Foster circuits within 35 28. The conductor of claim 27 wherein the edges of each 
each unit cell ; conductive patch form corners , the non - Foster circuits con 

wherein non - Foster circuits couple impedance elements necting the conductive patches between corners . 
29. The conductor of claim 28 wherein the conductive between neighboring unit cells . 

19. The conductor of claim 18 wherein the array of unit patches are square or rectangular in shape . 
30. The conductor of claim 27 wherein the patches are cells is periodic to reflect electromagnetic waves polarized 40 

parallel to the surface with a zero - degree phase . grouped such that through the connections of the non - Foster 
20. The active artificial magnetic conductor of claim 18 , circuits , one group is interleaved with respect to the other 

wherein the non - Foster circuits are diagonally connected group . 

between the impedance elements within each unit cell . 31. The conductor of claim 27 further comprising a 
21. The active artificial magnetic conductor of claim 18 , 45 ground and vias , the vias connecting the patches to the 

wherein the first and second networks of impedance ele ground . 
32. The conductor of claim 27 wherein the conductive ments and non - Foster circuits within each unit cell are 

distinct , interleaved networks of impedance elements and patches have a thickness , the thickness being greater than the 
non - Foster circuits . electromagnetic wave penetration depth of the conductive 

22. An artificial magnetic conductor comprising : patches . 
33. The conductor of claim 27 , wherein the non - Foster an array of impedance elements arranged along a surface ; 

a plurality of non - Foster circuits coupling said impedance circuits couple diagonally neighboring conductive patches . 
elements to each other so as to form a first network of 
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